One Sentence Summary: High dietary fat promoted mortality in a mouse model of antibiotic-17 induced C. difficile infection and low dietary fiber caused higher microbiome disturbance upon 18 broad-spectum antibiotic exposure, suggesting that diets low in fat and high in fiber may protect 19 against C. difficile pathogenesis.
Introduction
Fiber increases cecal levels of secondary bile acids and butyrate; fat increases taurine- 134 conjugated primary bile acids 135 To understand the effects of diet modulation on microbial metabolites previously 136 described to modulate C. difficile sporulation, growth and activity, we assessed levels of bile 137 acids and SCFAs in aspirated cecal contents that were collected in a separate cohort of 51 mice 138 (chow= 20, WD = 21, low-fat/low-fiber = 10) sacrificed at 3 days post C. difficile infection, 139 which is just before mortality typically occurred with the WD diet ( Fig. 1A) . A total of 17 bile 140 acids including conjugated and unconjugated primary bile acids found in both humans and mice 141 and secondary bile acids, were quantified using HPLC/QTOF using the method described in (19) 142 with modifications (see methods). We found that mice fed a WD showed significantly increased 143 levels of taurine-conjugated primary bile acids compared to chow with a trend towards increased 144 level compared to the low-fat/low-fiber diet (Fig 2A, Fig. S1C ). The primary unconjugated bile 145 acids (e.g. beta-muricholic acid, cholic acid) did not show a consistent pattern of change based 146 on diet ( Fig. S1A ) and glycine conjugated bile acids were minimally detectable, which is 147 consistent with mouse metabolism of bile acids strongly favoring taurine conjugation. Finally, 148 the chow-fed mice demonstrated high levels of bacterially-produced secondary bile acids as 149 compared to both WD and low-fat/low-fiber diets ( Fig. 2A ). 150 The SCFAs butyrate, acetate and propionate were also quantified in cecal contents 3 days 151 after C. difficile infection using gas-chromatography/mass spectrometry (GC/MS). Consistent 152 with SCFAs being microbial fermentation products of dietary fiber, cecal levels of butyrate were 153 reduced in the WD and low-fat/low-fiber diets compared to chow (Fig. 2B ). The SCFAs acetate 154 and propionate showed a reduction in the low-fat/low-fiber but not the WD compared to chow 155 Fig. 2B ). Interestingly, there was a strong positive correlation between levels of the secondary bile acid deoxycholate (DCA) and butyrate in both the chow and WD-fed mice, with a markedly 157 increased effect size (slope) in the chow-fed mice (Fig. 2C ). For chow-fed mice DCA levels 158 increase by 94.4 pmol/mg wet weight for every 1 mmol/kg increase in butyrate (p = 5.4 x 10 -9 ). 159 Diet alone was not associated with DCA levels (p = 0.500), but there was a significant 160 interaction between diet and butyrate; for WD-fed mice DCA levels increase by 18.92 pmol/mg 161 wet weight for every 1 mmol/kg increase in butyrate (p = 5.1 x 10 -5 suggesting that dietary control of toxin production is independent of the metabolites we 176 interrogated. fiber diet showed greater divergence across PC1 upon antibiotic exposure than chow-fed mice, 200 higher spread across mice in the same diet group, and less recovery towards their baseline after 201 antibiotics ( Fig. 3A ). We quantified resilience by comparing the pairwise weighted UniFrac 202 distances of mice across the experiment to baseline microbiota of their respective diet cohort at 203 Day 0 (7 days post-diet change and pre-oral antibiotics; Fig. 3B ). Chow-fed mice had 204 significantly smaller weighted UniFrac distances from their baselines than the other groups at 205 Day 5 (post 5 days antibiotic challenge) that persisted through Day 10 despite some convergence 206 after clindamycin injection (Day 8) ( Fig. 3B ). By Day 9, chow-fed mice again displayed higher 207 microbiome resilience than both low-fiber groups. We also assessed the homogeneity of 208 response to a disturbance among mice in the same diet group. As an example, low homogeneity 209 would occur if the mice within a diet group showed high variability in the degree to which their gut microbiome changed upon antibiotic exposure. We quantified this as the median pairwise 211 weighted UniFrac distance for comparisons within samples collected at the same time point from 212 mice fed the same diet ( Fig. 3C ). Both low-fiber diets showed much lower homogeneity of gut 213 microbiome compositional response to antibiotic challenge, particularly to the 5 day treatment 214 with oral antibiotics (Day 5), compared to chow-fed mice (Fig. 3C ). 215 Similar patterns were seen when evaluating changes in alpha-diversity across the 216 experiment between each diet cohort. Figure 4 shows changes in phylogenetic entropy, which is Enterobacteriales in their fecal microbiome following antibiotics; however, the low-fat/low-fiber 260 and chow groups showed earlier decrease than WD mice (chow-WD p <0.01 and p<0.05 at days 261 9 and 10 respectively, Fig. S3 ). Comparisons of the low-fat/low-fiber diet were limited due to 262 smaller sample size (n = 5 vs. n = 13 for chow and WD). 263 We also used PICRUSt (22) to predict metagenomes using our 16S rRNA data 1) to 264 investigate trends in the prevalence of key genes in secondary bile and butyrate production over the course of our experimental timeline and 2) to predict which bacterial taxa were contributing 266 these genes. Because BaiA, BaiB, and BaiCD are not available in PICRUSt2's set of predicted 267 genes, we only used the genes for BaiH (KEGG ID: K15873) and BaiI (KEGG ID; K15874), 268 which are both genes in the Bai operon (23), to assess genomic potential for secondary bile acid compared to mice fed either low-fiber diets at 3 days post C. difficile gavage ( Fig. 2A ).
278
Fiber also influenced the butyrate coding capacity observed between diet groups. Chow-279 fed mice showed minimal change in the abundance of both the but and buk genes for 280 fermentative butyrate production during the time course while the WD mice had a decrease of 5 281 orders of magnitude ( Fig 5D) . The low-fat/low-fiber mice showed an intermediate phenotype 282 with the resilience of the butyrate pathway being mostly attributed to a butyrate kinase dependent 283 pathway. The results for but and not buk however are consistent with our measurements of cecal 284 butyrate levels in these mice 3 days post C. difficile gavage (Fig. 2B ). This is consistent with but 285 being regarded to be a more important source of butyrate in the intestine (25). 286 Since we had observed a strong positive correlation between cecal levels of butyrate and 287 the secondary bile acid DCA in our mass spectrometry data ( Fig. 2C ), we also determined whether there was a relationship between butyrate and secondary bile acid coding capacity. We 289 found a highly significant association (p = 3.6x10 -5 ), with secondary bile acid producing genes 290 only predicted to be present in samples that also had high predicted levels of butyrate producing 291 genes ( Fig. 5B ). Clostridioides difficile infection is a grave and growing health threat. Current strategies to 308 limit its spread have focused on sanitation and antibiotic stewardship, however incidence has 309 continued to rise in spite of these efforts, highlighting the need for new treatment and prevention 310 strategies (2). Because of the ubiquity of C. difficile spores in the environment, focusing on ways 311 to increase the resilience of the host to colonization is one important prevention strategy. 312 However, modulation of host factors that influence virulence of C. difficile already present in the 313 gut is also a key aspect of prevention, as CDI is often caused by C. difficile that is already 314 residing in the gut before the onset of symptomatic CDI rather than acquisition of a new 315 infection (3). 316 A growing body of evidence points to dietary intervention as a promising new approach 317 to prevent CDI colonization (4, 15). One recent study showed that a diet poor in proline (an 318 essential amino acid for C. difficile growth) prevented C. difficile carriage (4 promote CDI in our model.
We also sought to explore a role for secondary bile acids in phenotypes observed in diet- 353 induced CDI. In vitro experiments have shown that the bacterially produced secondary bile acids 354 deoxycholate and lithocholate caused germination followed by growth arrest of C. difficile (13) . 355 In line with these effects, reduced prevalence of the secondary bile acid producer, Clostridium Our data suggests that dietary fiber is critical for the resilience and homogeneity of 376 response of the gut microbiome after perturbation. In both cohorts of mice fed fiber-deficient 377 diets, the gut microbiome was significantly more variable and slower to recover to baseline after 378 perturbation. By supplying the gut with a preferred fuel (fiber) for species associated with health 379 (e.g. strict anaerobes), the community is able to resist antibiotic induced changes and reconstitute 380 more quickly once the pressure of antibiotic treatment has been removed. This finding is 381 consistent with a recent study that showed that fiber supplementation in mice lead to a reduced 382 disruption of the gut microbiome to disturbance from amoxicillin, and that this was linked with While our data do not suggest a role for fiber in protection against mortality from CDI in 397 this mouse model, it would be short-sighted to dismiss the beneficial role of fiber in maintaining a healthy gut microbiome and resistance to CDI. Our model utilized a rather short-term diet 399 change and an intense antibiotic regimen that may not correlate well with human circumstances. 400 We also did not explore diets high in fat and high in fiber, where it is possible that increased 401 microbiome resilience to antibiotics due to fiber may protect from the detrimental effects of fat. 402 As discussed above, a fiber-deficient diet has been shown to hinder clearance of C. difficile after 403 challenge (15). This is particularly relevant in a clinical context as recent studies of both 404 pediatric and adult oncology patients have shown asymptomatic colonization rates with C. 405 difficile of ~30% and ~10%, respectively (3, 31) . Further, in pediatric patients it was 406 demonstrated that the vast majority of "hospital-acquired" CDI may be caused by a strain of C. 407 difficile that is present at admission rather than a strain acquired during the patient stay (3). Germany). For samples that were too small to weigh accurately, a mass of 5 mg was assigned for 532 concentration calculation. This mass was selected as it was the lowest weight that could be 533 accurately determined.
534
Statistics: Statistical analyses were performed in R (version 3.4.3 "Kite-Eating Tree"). 535 Data were preprocessed using the "tidyverse" suite (43). We used "survminer" and "survival" 536 libraries to analyze mouse survival (44, 45) . All other data were plotted using "ggplot2", 537 "ggsignif", and "cowplot" (46-48). 
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